Introduction
Studies of patients with chronic obstructive pulmonary disease (COPD) show that physical activity is already reduced in early disease stages (from Global Initiative for Chronic Obstructive Lung Disease [GOLD] Stage II). 1, 2 Exertional dyspnea in COPD can lead to limitation of daily activities, such as walking and standing; however, muscle deconditioning associated with physical inactivity also contributes to further inactivity in these patients. 3, 4 Reduced physical activity in patients with COPD is also associated with reduced quality of life, increased risk of hospital admission, and mortality. 5, 6 Bronchodilation with long-acting muscarinic antagonists (LAMAs) and long-acting ß 2 -agonists (LABAs) is the mainstay of COPD treatment. 7 Treatment with the LAMA tiotropium is well established in patients with COPD and has been shown to improve disease outcomes, including exercise capacity and dynamic hyperinflation, two of the main factors contributing to reduced physical endurance and increased exertional dyspnea. 8, 9 Treatment with the LABA olodaterol has also demonstrated significant improvements in exercise endurance times. 10 Guidelines recommend that combining different drug classes may improve efficacy with equivalent or lesser side effects. 7 As improvement in physical activity is an important goal for any therapeutic approach to COPD, it has been the focus of recent clinical studies using combined therapies. A study of the dual bronchodilator QVA149 containing the LABA indacaterol and the LAMA glycopyrronium (110/50 µg metered dose, 85/43 μg delivered dose) in patients with moderate-tosevere COPD reported significant improvements in exercise endurance time compared with placebo, but found no difference between tiotropium alone and QVA149 treatment on exercise endurance. 11 A Phase IV, multicenter, randomized, double-blind, placebo-controlled study (ACTIVATE) investigated treatment with a fixed-dose combination of the LAMA, aclidinium, and the LABA, formoterol fumarate (AB/FF; 400/ 12 μg twice daily, delivered via a multidose dry powder inhaler) in patients with moderate-to-severe COPD. Although the effects on the primary end point (trough functional residual capacity [FRC] ) did not reach significance, AB/ FF improved exercise endurance time and inspiratory capacity; furthermore, step counts were higher and there were fewer inactive patients after 4 weeks versus placebo. 12 Following behavioral intervention at week 5, AB/FF maintained improvements in lung hyperinflation, exercise capacity, and physical activity versus placebo. 12 The 12-week, randomized, part double-blind, placebo-controlled PHYSACTO ® trial confirmed that LAMA/LABA (tiotropium/olodaterol, 5/ 5 μg) combined therapy delivered by the Respimat ® inhaler, either alone or with exercise training, reduced physical activity-related dyspnea; in combination with a self-motivated behavior-modification program, exercise endurance time increased. [13] [14] [15] Although evidence from randomized clinical trials is important, due to specific inclusion and exclusion criteria and close monitoring of study participants, observations do not always reflect daily practice. Interestingly, a realworld study investigating treatment with tiotropium and olodaterol (administered with separate inhalers) also showed significant improvements in physical functioning in GOLD B-D COPD patients. 16 Real-world data on the effects of a fixed-dose combination therapy with tiotropium/olodaterol, administered in a single device (Respimat ® ), in patients with COPD who need treatment with two long-acting bronchodilators are not yet available.
The principal aim of this noninterventional study was therefore to measure the impact of a fixed-dose combination of tiotropium/olodaterol on physical functioning in patients with GOLD A-D COPD in a real-world setting. Further objectives were to gather insights into patient satisfaction with tiotropium/olodaterol treatment and the Respimat ® device, as well as to evaluate the patients' general condition and treatment safety.
Methods

Study design
This was an open-label, single-arm, noninterventional study of patients with COPD in whom combination treatment with two long-acting bronchodilators (LAMA/ LABA) was indicated in accordance with marketing authorization, Summary of Product Characteristics (SmPCs), and 2015 GOLD COPD guidelines. 17 The study was conducted at 258 German investigational sites, by mainly office-based pneumologists and general practitioners, between February 2016 and February 2017. The study was approved by the Landesärztekammer Baden-Würtenberg (F-2015-081) according to national and international regulations and each participating physician was advised by their ethics committee.
Patients
This study enrolled male and female patients aged ≥40 years, with a diagnosis of COPD requiring long-acting dual bronchodilation (LAMA/LABA) treatment. Patients were required to provide written informed consent prior to participation.
Patients were excluded from study participation if they had contraindications according to the tiotropium/olodaterol SmPC or had been treated with a LAMA/LABA combination (free-or fixed-dose) in the previous 6 months. Patients continuing LABA + inhaled corticosteroid (ICS) treatment were excluded to avoid a double dosing of a LABA. Study exclusion extended to patients who were currently listed for lung transplantation or who were pregnant or breastfeeding. Patients unable to attend follow-up at the enrolling site within the planned study period of approximately 6 weeks or currently participating in a clinical trial or another noninterventional study of a drug or device were also excluded from study participation.
Study treatments
All included patients received treatment with the combination of tiotropium/olodaterol (5/5 μg) given as two puffs once daily for approximately 6 weeks, which is the average time between two medical consultations. Since this study was performed under routine conditions, there were no restrictions regarding concomitant medications other than those stated in the SmPC.
Assessments
Patients were assessed at baseline (Visit 1) and after 6 weeks (Visit 2). The initial evaluation at baseline included patient demographics; smoking history; medical history relating to year of COPD diagnosis, spirometric classification/patient group based on 2015 GOLD guidelines; 17 exacerbations;
hospitalizations; previous tiotropium/olodaterol administration; other respiratory therapeutics used within 6 months of starting tiotropium/olodaterol; and severity of breathlessness based on the modified Medical Research Council Questionnaire. At both baseline (Visit 1) and Week 6 (Visit 2), treatment with other respiratory agents, concomitant diseases, and concomitant medication was reported.
Study end points
The primary efficacy end point was "therapeutic success" at Visit 2 (approximately 6 weeks after starting treatment), as defined by a 10-point increase in the self- 
Statistical analysis
Any patient who received at least one dose of tiotropium/ olodaterol was included in the treated set (TS). Patients in the TS who had a PF-10 score at Visit 1 and Visit 2 comprised the full analysis set (FAS). All analyses were descriptive. Primary and secondary end points were analyzed on the FAS. All subgroup analyses were performed on FAS. Safety end points and demographic/baseline data were analyzed on the TS. For the primary end point, the percentage of patients with therapeutic success was presented together with the 95% CI. Summary statistics were provided for changes in PF-10 score, and the number and percentage of patients within each category was calculated for general patient condition and patients' satisfaction with the tiotropium/ olodaterol delivered via the Respimat ® device.
Several subgroups were defined, including GOLD ABCD group classification according to the 2015 criteria 17 (based on spirometry, symptoms and exacerbation history) and the 2017 criteria (based on symptoms and exacerbation history). 7 Other subgroups of interest included treatment-naïve versus pretreated (any pretreatment with COPD therapies before the start of tiotropium/olodaterol), maintenance-naïve (neither LABA only, nor LAMA only, nor LABA + ICS) versus pretreated patients (LABA only, LAMA only, or LABA + ICS), cardiac comorbidities, smoking status, and exacerbations during the last 12 months (results for smoking status and exacerbations during the last 12 months are presented in the supplementary analysis section). In subgroups, the primary end point of therapeutic success was compared by chi-squared test or Fisher's exact test as appropriate, and presented with the 95% CI. The secondary end point of change from baseline in PF-10 was compared by Wilcoxon Rank-Sum test (MannWhitney U test) or Kruskal-Wallis test in subgroups; 95% CIs were also calculated.
All reported P-values are nominal.
Results
In total, 1781 patients from 258 sites in Germany were screened ( Figure 1 ). Of these, 1737 patients received at least one dose of treatment and could be included in the TS (97.5%); the FAS included 1578 patients (88.6%).
Patients were followed over an observational period of approximately 6 weeks. Median duration between start of treatment and end of observation or discontinuation, whichever came first, was 5.3 weeks (range 0.0-34.1 weeks).
Baseline demographics and disease characteristics
Patient mean age was 66.5 years, 57.0% were male, 40.0% were smokers, and 39.8% had smoked in the past; 20.2% had never smoked (Table 1 ). 74.1% of patients had concomitant diseases, mostly affecting the cardiac and metabolic/endocrine systems, and 59.0% of patients received concomitant medication other than respiratory therapeutic agents. Based on spirometry, symptoms, and exacerbations (2015 GOLD classification), most patients were classified as A (29.0%), followed by C and D (approximately 27.0% each), and B (17.5%). Based on symptoms and exacerbations (2017 GOLD classification), the majority of patients were classified as A (41.7%), followed by B (34.3%), C (13.9%), and D (10.1%). Approximately half of the patients had at least one exacerbation within the last 12 months, 11.5% of patients had at least one exacerbationrelated hospitalization. The most frequent respiratory therapies received by patients in the previous 6 months were LAMAs (27.4%) or short-acting ß 2 -agonists (18.3%). Forty-eight people taking LAMA/LABA either free or as a fixed-dose combination were mistakenly included in the study population and identified after database lock. However, as it was prespecified not to exclude patients with such protocol violations from analysis sets, they stayed in the full analysis set as well as in the treated set.
Efficacy
The primary end point -therapeutic success at Visit 2 using the PF-10 questionnaire (an increase in selfreported physical function as measured by a 10-point increase in PF-10 score) -was achieved by 51.5% (95% CI 49.0%, 54.0%) of patients. Mean PF-10 score was 48.7 (95% CI 47.5, 50.0) at Visit 1 and 60.4 (95% CI 59.1, 61.6) at Visit 2.
Mean change in PF-10 score between baseline and approximately 6 weeks after start of treatment (secondary end point) was 11.6 points (95% CI 10.7, 12.6).
Analysis by GOLD classification
GOLD ABCD classification according to the 2015 criteria (based on spirometry, symptoms, and exacerbation history) indicated a therapeutic success rate after 6 weeks in 45.8% (95% CI 41.2%, 50.4%) of patients in GOLD subgroup A, 48.4% (95% CI 42.5%, 54.4%) in subgroup B, 54.1% (95% CI 49.2%, 58.9%) in subgroup C, and 57.5% (95% CI 52.5%, 62.3%) in subgroup D (Figure 2A ). The difference in proportion of patients with therapeutic success by GOLD 2015 group was statistically significant (P=0.0027, chi-squared test). Change in baseline PF-10 score stratified by GOLD ABCD classification according to the 2015 criteria is presented in Table 2 . Change in PF-10 score between Visit 1 and Visit 2 was GOLD 2015 classification-related, with the greatest change seen in patients in GOLD C and D.
Using GOLD ABCD classification according to the 2017 criteria (based on symptoms and exacerbation history), therapeutic success rate after 6 weeks was 45.8% (95% CI 41.9%, 49.7%) in GOLD subgroup A, 51.7% (95% CI 47.4%, 56.0%) in subgroup B, 61.9% (95% CI 55.0%, 68.4%) in subgroup C, and 61.0% (95% CI 53.0%, 68.6%) in subgroup D ( Figure 2B) . The difference in proportion of patients with therapeutic success by GOLD 2017 group was statistically significant (P<0.0001, chi-squared test).
Change in PF-10 score between Visit 1 and Visit 2 was GOLD 2017 classification-related, with the greatest changes seen in patients in either GOLD C or D (Table 3) .
Treatment-naïve patients versus pretreated
Among the FAS, there were more pretreated patients than treatment-naïve patients (54.4% vs 45.6%). Therapeutic success was observed in 49.6% (95% CI 46.2%, 53.0%) of pretreated patients compared with 53.8% (95% CI 50.1%, 57.5%) of treatment-naïve patients ( Figure 2C) ; however, the difference between groups was not significant (P=0.0939, chisquared test). Mean values of PF-10 score were higher for 
Maintenance-naïve patients versus pretreated
Regarding previous treatment with LABA only, LAMA only, or LABA + ICS, a greater proportion of maintenance-naïve patients (52.3%; 95% CI 49.5%, 55.2%) than patients already treated (48.9%; 95% CI 43.7%, 54.1%) achieved therapeutic success, although this was not statistically significant (P=0.2524, chi-squared test). At Visit 1, those already treated with maintenance therapy had a higher mean PF-10 score compared with maintenance-naïve patients; mean PF-10 score at Visit 2 was 59.9 for maintenance-naïve patients and 61.9 for patients already treated. The mean PF-10 score increase between visits was slightly higher for maintenance-naïve than pretreated patients, but the change between Visit 1 and Visit 2 was not statistically significant (P=0.1943, Wilcoxon Rank-Sum test [Mann-Whitney U test]). 
Patients with cardiac comorbidities
General condition of the patient
The general condition of the patient, as evaluated by the physician, improved with treatment, and a shift in PGE scores from lower to higher scores was observed between Visit 1 and Visit 2 (Figure 3) . At Visit 1, a large proportion of patients (52.7%) gained scores of 3 and 4, corresponding to a mediocre general condition; however, at Visit 2, the majority of patients (53.3%) achieved scores of 5 and 6, corresponding to a good general condition. The highest value, representing an excellent general condition (8) , was given to 0.4% (n=7) of patients at Visit 1 and to 1.7% (n=27) of patients at Visit 2. This shift toward a higher PGE score was also observed in patients when categorized by GOLD groups. At Visit 1, 45.4% of GOLD A/B patients and 59.2% of GOLD C/D patients had PGE scores of 3 or 
Patient satisfaction with tiotropium/olodaterol Respimat ®
Only one patient did not complete the satisfaction questionnaire, therefore, the response rate was 99.94%. High patient overall satisfaction rates (satisfied/very satisfied) were observed with tiotropium/olodaterol therapy (82.5%), with the great majority of patients very satisfied or satisfied with both inhaling from (87.5%) and handling of (85.2%) the Respimat ® (Figure 4 ).
Safety
Overall, 18 (1.0%) patients reported at least one investigatordefined drug-related AE (Table 4) . A total of 21 drug-related AEs were reported. These were mostly palpitations (14.3% of all events), cough (14.3%), and dry mouth (9.5%). Almost all (15 of the 18, 83.3%) patients recovered from drug-related AE events, while three patients had an ongoing AE at the end of the observation period. Five patients (0.3% of all patients) had at least one event for which a therapy was required. Treatment was discontinued in 13 patients (0.7% of all patients) due to drug-related treatment-emergent AEs, the most common reasons were palpitations (3 patients), cough (3 patients), and dry mouth (2 patients).
Three serious AEs -cardiac arrest, cardiac failure, and cough -were documented for three patients (0.2%), two of which (cardiac arrest and cardiac failure) were fatal. The remaining event -cough -was serious for other medical reasons and resolved but led to treatment discontinuation.
Only cough was considered drug-related.
Discussion
A clinically meaningful improvement in physical functioning in a COPD patient population typical of that encountered in the clinical practice setting occurred after 6 weeks of treatment with tiotropium/olodaterol. At least 50% of the patients (51.5%) achieved therapeutic success after 6 weeks, ie, a 10-point increase in the PF-10 score. This beneficial effect translated into an improvement in the patients' general condition, as demonstrated by an improvement from baseline PGE scores. Therapeutic success was observed in more than half of the patients in the subgroups of treatment naïve, maintenance naïve, all smoking status, those with one or more exacerbations in the previous 12 months and in those with cardiac comorbidities, respectively. Interestingly, physical functioning was improved in more than 50% of patients by improving pulmonary function, without specific incentives to motivate patients to exercise. Physical functioning is affected by multiple factors and this increase could be as a result of renewed interest and motivation due to study participation. Using the latest GOLD classification system according to the 2017 criteria (based on symptoms and exacerbation history), a higher proportion of patients in GOLD groups B, C, and D achieved therapeutic success compared with the 2015 criteria. Using either sets of criteria (spirometric vs non-spirometric), the proportions of patients with therapeutic success increased with increasing risk and disease severity. However, as with the majority of respiratory interventions, some patients did improve but did not achieve the threshold of 10 points required for "therapeutic success", indicating room for improvement, but which may have been achieved over a longer duration of treatment.
The study demonstrated that a higher proportion of patients who were naïve to treatment and received tiotropium/olodaterol had therapeutic success than those who had received any previous COPD medication (the difference was not significant); this is likely to reflect the need for earlier treatment and subsequent increased scope for improvement in treatment-naïve patients. Therapeutic success rates were also higher in maintenance-naïve patients than pretreated with maintenance therapy (LABA only, LAMA only, or LABA + ICS) patients, although this difference was also not significant. Based on these data, tiotropium/olodaterol treatment appears suitable both as a first-line long-term therapy and as an alternate or switch option away from other therapies. Interestingly, smoking status and the presence of cardiac comorbidities did not impact on therapeutic success, again confirming that bronchodilators in COPD are effective first-line treatments largely irrespective of patient baseline characteristics. Recent findings indicate that effective bronchodilation in COPD patients can improve cardiac function mainly by reducing hyperinflation, independently supporting an early start of optimal bronchodilation in COPD. 19 A clinical trial testing tiotropium/olodaterol under similar conditions is ongoing. 15 Further, it is tempting to speculate that the therapeutic effects of dual bronchodilation in COPD may further improve if drug treatment is supported by behavioral measures or rehabilitation. 20 Overall, at Visit 2, the majority of patients were either "very satisfied" or "satisfied" with receiving tiotropium/ olodaterol treatment. Virtually identical results were observed with regard to patient satisfaction with the handling of the device. High levels of overall satisfaction with treatment, as well as satisfaction with inhaling and device handling, were reported in both treatment-naïve and pretreated patients. An observational survey found that patient satisfaction with their inhaler was associated with treatment adherence and fewer exacerbations. 21 Among the most important attributes of an inhaler are ease of use and reliability, 21, 22 which is likely driven by the patient's requirement to prepare and operate the device correctly in order to deliver their therapy, and because they are more likely to use an inhaler effectively if they are confident using it. 23 Patients with COPD and asthma find the Respimat ® device easy to use, reliable, and durable and reported high levels of satisfaction. [22] [23] [24] The number of patients reporting an AE in this study was low and consistent with the safety profile of tiotropium/olodaterol. 25 Potential limitations of this trial were the open-label, single-arm, noninterventional, and observational study design; hence, there was no control group and no randomization. It must be acknowledged that some patients did not complete the study due to dissatisfaction with the drug or study participation. The study was carried out over a short period of time, and so longer-lasting therapeutic effects could not be assessed; furthermore, the patients' physical functioning and general condition were measured subjectively.
Drug administration was self-controlled and there was no treatment diary; patient use and adherence to tiotropium/olodaterol were therefore dependent on physician inquiry and could not be verified. A high proportion of patients enrolled in this study were naïve to maintenance therapy. This may suggest that many of these patients were undertreated. However, both the under-reporting of symptoms by patients and the under-treatment by physicians have been described as a serious issue worldwide 26 and may be reflected here. The study was carried out in a real-world primary care setting and included a large representative sample of patients with a wide spectrum of COPD severities, background treatments, and comorbidities, thus providing valuable data and insights reflecting clinical practice.
Conclusions
These data suggest that tiotropium/olodaterol treatment helped to improve patients' physical functioning in their daily lives, and importantly, patients were satisfied with the medication. This supports the use of tiotropium/olodaterol maintenance treatment in patients with COPD and in particular supports its use for helping patients to remain active. Further studies that will add to these data are currently ongoing (NCT02719639). 
Exacerbations during the last 12 months
In the group "0 exacerbations", less than half of the patients showed therapeutic success (44.8%, 95% CI 41.3%, 48.4%). For patients in groups "1 exacerbation" and "≥2 exacerbations", therapy was successful in 55.1% (95% CI 50.2%, 59.9%) and 61.5% (95% CI 56.4%, 66.5%) of patients, respectively ( Figure S2 ). The difference in proportion of patients with therapeutic success was statistically significant (P<0.0001, Chisquared test). At Visit 1, patients with 0 exacerbations and 1 exacerbation in the previous 12 months had similar mean PF-10 scores (51.41 and 50.01, respectively), which were higher than for than patients with ≥2 exacerbations (41.69). At Visit 2 mean PF-10 scores increased in all groups, the mean increase of PF-10 score was 8. 28 
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